New sum rules from current algebra valid in the limit of large negative fourmomentum squared of the current are obtained; some of these depend upon commutators of space-components of the current densities.
I. Introduction
Sum rules derived from current commutation relations have thus far been restricted to relations involving the maximum helicity flip part of the currentparticle scattering amplitude, and thus, based on Regge-pole arguments, the most convergent amplitudes. I Analogous sum rules naively derived for other amplitudes are not expected to hold'due to the interlocking morass of Schwinger terms, disconnected diagrams and subtractions in dispersion relations.
We may however suspect more relations at large spacelike masses, Q', of the virtual particles associated with the currents. A heuristic argument for this hope may be obtained from analogy with nuclear physics. 3 If we consider the hadrons to be made up of other "simpler" constituents then at large current masses Q2 or equivalently small wavelengths we sample the constituents incoherently and expect multiparticle correlations to vanish. For finite Q2, it is these correlations that prevent us from obtaining new sum rules.
With one exception all the relations derived have no immediate possibility of experimental verification, as at large negative Q2 no simple pole dominance is expected to be valid. The one exception is a sum rule devised previously which bounds backward high-energy electron scattering. A possible utility of these rules is that they place constraints on possible hadron models which may be constructed to saturate the current algebra scheme.
In Section II the kinematics, crossing properties, dispersion relations, and various asymptotic relations for the current-particle scattering amplitude are presented. In Section III the sum rules are derived in the Q,-im 5 lim.it and these results are discussed in Section IV. Some details of the calculations are listed in the Appendix.
-2- In the above the j's are Gell-Mann's6 currents with the superscript refering to U(3) @ U(3) indices; CC'~ = $-Y-q, the energy of the state. The difference between the covariant amplitude M ,": (defined as the response of the S matrix to the variation of external sources coupled to the currents in question7) and the retarded product is an operator localized at x P = 0, and hence its Fourier transform is a polynomial. 5 Hereafter we shall assume that the polynomial is no worse than a constant already encountered in the vacuum expectation value. The nature of this constant and consistency of this assumption will appear subsequently.
The covariant expansion of M ab P" is, for the case of states and currents of the We likewise assume that for large spacelike Q2 and fixed t, 6, the Ai's satisfy usual dispersion relations in v and their asymptotic behavior in this variable is governed by the Regge-pole hypothesis for the absorptive parts of the Ai's. ' Thus Al, A2 and A5 satisfy unsubtracted dispersion relations. All others have one subtraction except for A6, which has two. with M being the lowest value of s or u leading to physical states.
In order to obtain asymptotic sum rules, we shall be interested in the limit Q0-i 00 with 2 fixed. In this limit Q2 --co ; v and 6 will likewise tend to co, though linearly rather than quadratically.
In the dispersion relation for the Airs we may thus neglect v with respect to the lower limit of integration for v '. The above conjecture is aP true barring pathological behavior of Im Ai . Thus all terms of the form of a dispersion integral behave as
and asymptotically we are left with a polynomial in Q,. A heuristic argument for this comes from the structure of the Jost-Lehmann-Dyson' representation, which we assume to be unsubtracted 'i ap (P,&u,s) 8) with the u integrationgoing over a finite region.
In the Q, -+ ia) limit we may expand as follows
. . . . .
(2.9)
If the asymptotic behavior in s is reasonable then this leads to the answer below.
With all the dangers inherent in using any representations for determining asymptotic behavior the above is at best a plausibility argument. 
The numerator is, however, the equal-time commutator of the currents, so that We have assumed that Moo vanishes as Q,-im because for qI or q2-t 0, Moo WL As."
involves a retarded product of a total charge operator. This operator is conserved or partially conserved; it does not couple to high-mass states. Another way of saying this is that we assume that Q M P ,PV is bounded by a constant as Qoh ia , as implied by the commonly accepted divergence conditions of vector and axial vector operators. 7,13 We shall make the same assumption on Moi, namely, it tends to zero as Qo' ia . @ As discussed in Section II, the Ai are assumed to converge rapidly as power-series expansions in v and 6 in the infinite-Q0 limit, @P so that (except for A, ) we need keep only up to linear terms.
Writing Im A8 (v , Q2, t, 0) is not present among this myriad of sum rules. However, if one has a conserved (or partially conserved) current, Im A2 can, for large Q2, be related to v ImAl , and the sum rule (3.12) is recovered from (3.11). The "backward" sum rules for neutrino processes4 can be obtained from the sum rule on the transverse amplitude Alo. Beyond that result, no practical application seems to be in sight. The generalization of these relations to other parity choices and cases with spin is left to the courageous reader.
IV. Conclusions
The main results of this work are contained in (3. lOa), (3. lob) and (3.11). These sum rules are a direct consequence of locality and (perhaps optimistic) smoothness assumptions on the covariant amplitude describing scattering of a current from a hadron. The results appear to have no new direct applications. However, since the mechanism for saturating all local sum rules at high Q2 is obscure (assuming indeed that the sum rules are correct!), it is hoped that these results might provide
additional clues to what the physics looks like in these asymptotic regions.
